A paradoxical embolus is one that arises in the systemic veins or right side of the heart and crosses into the systemic arterial circulation through such a communication as a septal defect. The diagnosis may be established by finding the embolus caught in transit through the opening, or in other cases a presumptive diagnosis may be made: here it is necessary to demonstrate a source of emboli in the systemic venous system, an abnormal communication between the venous and arterial circulations, systemic arterial emboli, and the absence of an embolic source in the pulmonary veins, left heart, or systemic arteries. Johnson reviewed the published material in 1951 and collected 40 verified and 46 presumptive cases. Two more verified cases are reported here and the recent reported cases are reviewed. CASE REPORTS Case 1. A 50-year-old man was admitted to the Manchester Royal Infirmary for an abdomino-perineal resection of carcinoma of the anal canal. Post-operatively he became breathless and cyanosed. He had suffered from chronic bronchitis for seven years but now responded poorly to broncho-dilator drugs, oxygen, and digoxin. In addition to airway obstruction he now had pulmonary crepitations, triple rhythm, and an enlarged liver. Five weeks after the operation he complained of a sudden stabbing and cramping pain in his chest, lost consciousness, and died six hours later.
FIG. 1.-Case 1. The heart opened from behind, showing a thrombotic embolus lodged in the foramen ovale and extending into both atria.
At necropsy there was a right cerebral hemorrhage, with slight brown staining of the surrounding brain tissue. The heart weighed 480 g. and showed hypertrophy of the left ventricle. The myocardium otherwise appeared normal, as did the endocardium and heart valves. The coronary arteries and aorta showed minimal atheroma. Extending into both atria there was an elongated branched thrombus 8 cm. in length gripped at its mid-point by the margins of the foramen ovale. The lungs showed slight congestion and emphysema, and the bronchi contained tenacious mucus. Both pulmonary arteries and their branches contained thrombotic emboli, some adherent to the wall. There was thrombosis of the left deep calf veins. Both kidneys, but especially the right, were reduced in size by coarse scars which had a flattened base. Other organs were normal.
Histological examination of the lungs showed many small areas of congestion and hwmorrhage but no necrosis. There was early organization of some emboli, slight emphysema, and the mucous gland and goblet cell hyperplasia of chronic bronchitis. The renal scars showed the changes of chronic pyelonephritis. Other gross findings were confirmed.
DISCUSSION
Cases of paradoxical embolism additional to those reviewed by Johnson are listed in Tables I and  II . Verified cases now number 54 and presumptive cases 56. In almost all the abnormal communication is a patent foramen ovale. Valvular competence of the foramen provides no protection, for the embolus passes from right to left. A ventricular septal defect or a patent ductus arteriosus should present an equal opportunity for paradoxical embolism, but there are only two reports of emboli traversing a ventricular septal defect (Birch, 1945; Richards and Cohn, 1954) and one of embolism of the ductus (Fruhling and Marcoux, 1953) . This is presumably because these conditions are much rarer than a patent foramen ovale, especially at the average age of the verified cases of paradoxical embolism (53 years). Scammon and Norris (1918) found the incidence of anatomical patency of the foramen ovale in the general adult population to be 28 per cent. (1941) suggested that in such cases the embolus may first block the tricuspid valve by coiling over it and then pass through the foramen ovale when the right atrial pressure exceeds that in the left.
Emboli caught in the foramen ovale have usually been regarded as no more than an interesting confirmation that paradoxical embolism may occur, and death has usually been attributed to a final massive pulmonary embolus. Elliott and Beamish (1953) , however, believe that when present the foramen may provide an important safety valve in cases of pulmonary embolism and that plugging of this gap by a further embolus may often be the terminating factor. excluded. However the association of cerebral abscess with congenital heart disease suggests that this may be due to paradoxical emboli bypassing the normal filtering mechanism of the pulmonary capillary bed (Abbott, Lewis, and Beattie, 1923) . Tyler and Clark (1957) found the incidence of cerebral abscess fairly constant (2%) in all forms of congenital heart disease in which it is anatomically possible for venous blood to reach the systemic circulation without passing through the lungs. SUMMARY Two cases of thrombotic embolus arrested in a patent foramen ovale are described. Both were middle-aged men who also had pulmonary emboli. Reports of 52 similar cases have been published. As well as venous thrombosis and an abnormal vascular communication, reversal of the normal left-to-right pressure gradient is required, and the usual cause of this is antecedent pulmonary
